ABSTRACT
INTRODUCTION
The observation of leptons and hadrons produced by two-photon interactions in electron-positron colliding beam experiments has been a challenge ever since the importance of the two-photon mechanism was pointed out over ten years ago.lD3
The basic diagram for the two-photon process is shown in Fig. 1 The cross section for reaction (1) is observed to increase over the beam energy range covered by this experiment, 1.95 GeV to 3.70 GeV, as expected for two-photon processes.1-3 Our result is in good agreement with predictions from models with fractionally charged quarks20 -22 under assumptions21 which will be mentioned later.
-3- The r+n-y invariant mass distribution mlT+n-y for the events which satisfy all the selection criteria is shown in Fig. 3 This procedure reduces the expected mass resolution for the n' signal to about 15 MeV/c2 (rms) and removes the mass shift. However, for events with an II' produced with non-zero p, it gives an incorrect mass value.
The mass distribution with the constraint p, = 0 is shown in Fig. 3(b) for the T-I' region and displays the expected features.
The only explicit cut applied on the dipion mass was mTIK < 1 GeV/c2.
We find that the dipion mass distribution for the events in the n' mass 6, is flat over the whole detector acceptance of about -0.5 < y < 0.5, whereas the background events tend to peak around y=O.
The background was studied with two different methods.
In the first method we analyzed multihadron e+e-annihilation events. The same analysis cuts as for reaction (1) Fig. 3(a) .)
The cross section was calculated using the branching ratio B(n' -+ a+T-y) = 0.298 + 0.01725 and the detection efficiency E (see 
B. K'K-Final State
The K+K-decay modes of the f(1270), A2 (1310), and f'(1515) mesons can be used to study their two-photon production with little background from one photon e+e-annihilation processes.
For this purpose we selected events with only two oppositely charged prongs and no detected photons.
Both tracks were required to be identified as kaons by the TOF measurement. -This was achieved by a cut on the probability leve12' which was required to be larger than 0.65 for each of the two tracks to be kaons.
In order to reduce sources other than two-photon production we applied two loose kinematical cuts: the acoplanarity angle A+ between the two kaons had to be ~20' and the p, of the K'K-state had to be ~250 MeV/c.
The invariant mass m K+K-and the p, distributions are given in Figs. 9(a) and 9(b). The p, of most of the events is seen to be very small as expected for reactions (4) to (6).
Nonresonant production can also contribute to the K+K-final state from two-photon interactions.
We estimated the contribution to the m K+K-distribution from the nonresonant process +-ee + e+e-K+K-
with the equivalent photon approximation of Ref. 30 . The curve in Fig.   9 (a) shows the result of using a simple @ pole for the kaon form factor.
-13-With this assumption the contribution of reaction (8) appears to be small (10% over the range of observed K+K-masses). Interpretation of the observed spectrum is complicated, however, by the large background of pion pairs produced by the two-photon mechanism.13 The structure seen near 1.5 GeV/cL, for example, is consistent with a small (-1%) misidentification of yy +-f(1270) + R+rr-events. We, therefore, only give upper limits on the production cross sections for the f(1270) and A2 (1310) mesons in reactions (4) and (5). We use branching ratios25 into K+K-of 0.0165 ?0.0020 and 0.0235 ItO. and overall detection efficiencies of 0.0167 and 0.0172, respectively, at the average beam energy of 2.85 GeV.
To compute these efficiencies we assumed that the decay angular distribution of these resonances is isotopic in their center-of-mass. This gives limits which are conservatively higher than would be obtained if the tensor mesons are assumed to be produced with helicity X= 2.11-18
The cross section results, as well as the upper limits on r from YY Eq. (2), are given in Table II. The branching ratio of the f'(1515) meson into a is not known, but expected to be dominant25 [i.e., B(f' + K+K-) near 0.51. The data together with the calculated detection efficiency of 0.0195 provide therefore only upper limits on B(f' -f K+K-)
x a(f') and B(f' -f K+K-) xr yyw) f or reaction (6). These upper limits are also listed in Table II. A systematic uncertainty for the K+K-final state of 15% was included in the listed 95% C.L. upper limits.
We summarized in Table II 6. Rapidity distribution for the n+~~-y states, with the events in the n' peak shaded.
7. Cross section for e+e-+ e+e-n' as a function of the beam energy.
The curve is the result of Eq. (2) with T yy(~') = 6 keV. 
